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» Linac Coherent Light Source (LCLS-Il ) is a > Test data is collected and stored via ACNET. » During the testing of cryomodule F1.3-08,
second-generation X-ray free-electron laser We developed tools in R that analyze data heavy FE was observed on cavity #/ during
currently being constructed at SLAC. exported from ACNET including: initial gradient (~10 MV/m) operation, which

» Fermilab is responsible for the design, . Preprocessing and Outputting a data table in an peaked at 15 MV/m. The FE distribution across
construction and testing of seventeen 1.3 GHz easy-to-manipulate format (data Wrangling). detectors seem to follow a Gaussian
and two 3.9 GHz cryomodules for the LCLS-II.  Producing Interactive time series plots or distribution, peaking at G:RD3101 (compared

> We developed tools in R (a statistical scatter plots of arbitrary devices for quick to other chipmunks). FE was processed away

computing language) to analyze the recorded
testing data and utilized them to assess the
performance of cryomodules in an efficient and
reproducible way.

Fig. 1: LCLS-1l cryomodule in
the CMTS1 test cave.

preliminary analysis.
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during high-power pulsed processing, with no
FE detected up to 20 MV/m afterwards.
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Fig. 7: FE data for cryomodule F1.3-08. The FE distribution across detectors

allows for the determination of exact FE location.
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SRR | [moemr | (e 5] Tosmrgmm » We also analyzed FE data for cryomodule

F1.3-09 in March for cavity #5 and #6 to test

Fig. 4: Web application for quick analysis. The interactive graph output is the f|tt|ng model. USing a |Og-|inear transform

. feature-rich, including zooming, selecting certain data points, etc. mod eI, emission onset was determined to be at

Acceptance Testlng and Purpose » Fitting a log-linear transform model to FE data. a gradient of 13 MV/m and 134 MV/m

This model allows us to determine onset of FE respectively. This agrees well with empirically

» Each cryomodule undergoes rigorous testing at for a cavity. With the addition of a radiation obtained data.

Fermilab to ensure that it meets stringent detection scheme with different reading scales,
performance criteria. An important part of we quantile normalize the data in order to | B

testing is monitoring for cavity field emission. obtain a better onset prech):tion from the model. ;_ R W = , 1 =
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vacuum potential barrier.

» Fitting the Fowler-Nordheim equation governing
FE current to dark current data. The model is

Fig. 8: FE data for cryomodule F1.3-09. Predicted FE onset agrees with
empirical data, thus showing that the fitted model works well.

» Field emission (FE) can be observed from

bremsstrahlung radiation and dark current. fitted using nonlinear least square method. For
Dark current is caused by the accelerating the algorithm to converge, initial guesses are Conclusion
emitted electrons inside the cavity, while calculated from linear regression of the FN
rad|at|on |S prOdUCed When em|tted e|eCtr0nS equatlon,s Series expanSIOn' > ACNET data Output can be preprocessed in a
get deflected by the cavity wall. ' ' way that allows for easy manipulation for any
V' & N | tegend | PIIPESS. o
‘(0 Cryomodule N | | mm Totalioss monitor S} » Fleld emission data can be easily visualized
Ig C oSS SewmT TS ToooCoCo él Chipmunk S and analyzed using developed tools. This data
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s e ey g e e - i can.help with reactive troubleshooting and
oA ox0cs orrios GRS s Ga0ctr o W :dditional detectors B RN NN SR EEEEEEEE logging data travelers for each cryomodule.
- T Cavity s B » These tools can also be applied to analyze

Fig. 6: Fowler-Nordheim model Ax<>e x + C. Horizontal lines represent
average background, while vertical lines represent predicted onset values.
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Fig. 3: Layout within the test cave with ACNET device names. TLM, chipmunk,
scarecrow, and FOX are all different types of radiation detectors.
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data outside of cryomodule testing.

» All tools developed above had been used to
analyze testing data and characterize
performance for cryomodules F1.3-08, F1.3-10
and retrospectively F1.3-09, F1.3-07.

» Using radiation detectors and cavity gradient
data, it is possible to determine onset, intensity,
location and range of FE.
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